The nervous system diseases are easy to get and hard to cure. The mechanism is bound up with nervous cells injure, so it's significant to study medicine protect nervous cells injure. We need find an ideal model to study these diseases. PC12 cell is a pheochromocytoma cell line from RattusNorvegicus, because it has some characters of nerve cells and easy to cultivate and passage, these cells have been proved to be a useful cell model to study nervous physiology and pharmacology. There are several of PC12 cells, American type culture collection supply two kinds of PC12 cell named PC12 cell and PC12Adh. There are high differentiation, low differentiation and undifferentiating in domestic. Although they are very similar, there are still some differences, and not every PC12 cell is effective for every experimental model. After compared, we hold that PC12Adh cell line is more suitable for neurite outgrowth studies under ROCK inhibitor than the PC12 cell line, PC12 cells that induced by NGF and high differentiated PC12 cell are similar to cerebral cortical neurons, they are suitable for various physiological and pathological study of nervous system. Undifferentiated PC12 cells due to low levels of dopamine, therefore it is not suitable for study on neural cells.
INTRODUCTION
The nervous system diseases like Parkinson syndrome, senile dementia, Alzheimer's disease, Ischemic cerebral vascular disease and so on are easy to get and hard to cure. The mechanism is bound up with nervous cells injure, so it's significant to study medicine protect nervous cells injure. At present some researchers use cortex nerve cells as a model for studying nerve damage. However, neurons isolated from mature nerve tissues will be hurt. Therefore, the structure and function research of neural system mostly use primary culture of fetal rat's neurons [1] . Although the primary culture of fetal rat's neurons of neurons in high purity, show a higher activity, more representative of the development and physiological activity of neurons in vivo [2] , however, it is time consuming, high cost, hard to get and cultivate [3] . Thus, it is very important to find a kind of immortalized cell which is similar to primary culture of fetal rat's neurons and easy to cultivate and develop in vitro.
PC12 cell is a pheochromocytoma cell line from
Rattusnorvegicus, is a kind of catecholamine cells, and it can synthesis, storage and release moderate dopamine and norepinephrine. After incubated with *Address correspondence to this author at the Key Modern Research Laboratory for Ethno-pharmacology of Yunnan Higher School at Yunnan Province, Yunnan University of Traditional Chinese Medicine, Kunming 650500, Yunnan Province, China; Tel: +8615887815413; Fax: +86087165919481; E-mail: 1047896527@qq.com, 191045876@qq.com nerve growth factor, the morphological pattern, physiology and biochemistry of PC12 cell differentiate into parasympathetic orpremotor neuron, and it represents the function of neuron. Because it easy to cultivate and passage, so after induced it is an in common use tool in nervous system in vitro [4] . Nevertheless, there are many kinds of PC12 cells. American type culture collection (ATCC) offers PC12 cell and PC12Adh. In domestic, we can purchase high differentiation, low differentiation and undifferentiating. Although much of the cells are used in experimental models, but for the further study of these cells have not been reported. In some study, researcher found that not every PC12 cell is effective for every experimental model. This paper aim to sum up usual use PC12 cells, describe their morphological pattern, physiology and use to give some advice how to choose different kinds of PC12 cells reasonably.
THE PC12 CELLOF AMERICAN TYPE CULTURE COLLECTION
ATCC offers two kinds of PC12 cells named PC12 cell (CRL-1721™) [5] and PC12Adh (CRL-1721. 1™) [6] . ATCC offer PC12 cell only before July 2006, this cell line described the mixture of PC12 cell and PC12Adh now. After January 2009, ATCC amend the information of PC12 cell recorded, and add a PC12Adh cell line to record. These two pheochromocytoma cell lines from Rattusnorvegicus can use for transfecting host. They cannot synthesize epinephrine, can secrete catecholamine, but there morphology and growth situation and so on are different [5] [6] [7] ( Table 1 ).
Because PC12 cell has some similar characteristics of nerve cells, they are widely used in various physiological and pathological studies of nervous system at home and abroad, such as neurotoxicity and nerve cells apoptosis [8] . However, few data are available about PC12Adh research and the nerve cell differentiation [9, 10] .Other studies found that ROCK inhibitor induced PC12Adh neurite outgrowth, but had little impact on PC12 cell, because tolerance is a result of gene expression regulation, and it could be stronger following longer exposure to ROCK inhibitors [11, 12] . Thus, PC12Adh cell line is more suitable for neurite outgrowth studies under ROCK inhibitor than the PC12 cell line, and the mechanism could be associated with up-regulation of inflammatory pathways and downregulation of cell cycle pathways [13] . There is research point out dehydroepiandrosterone-sulphate (DHEA-S) promoted PC12 cell differentiation [14] . Studying the G protein mediated signal of cocaineamphetamine regulated transcript (CART) peptide stimulation by differentiated PC12 cell, determined PACAP (6-38) as function of one of the CART receptor antagonists, CART participate in various physiological reactions, and it's nerve conduction peptide and hormone [15] . 
Undifferentiated PC12 Cell

The Characteristics of Undifferentiated PC12 Cell
Majority of studying report that the morphology of undifferentiated PC12 cell are roundness, scattered shape growth or poly group growth [16] [17] [18] , but there are also some research said the morphology of undifferentiated PC12 cell are roundness, polygon, fusiformis [19, 20] , they do not have nerve outgrowth. Type Culture Collection of the Chinese Academy of Sciences, Shanghai, China, describe it is polygon. We can see undifferentiated PC12 cell as immaturate neuron, tyrosine hydroxylase, dopamine beta hydroxylase, dopamine decarboxylase, monoamine oxidase, catechol methyltransferase and so on are low in cell, the cell show a low responsiveness to sympathetic transmitter. But it express some characteristics of neuron include: synthetize, store, and secretion of noradrenalin(NA) and dopamine (DA) to respond the concentration of outside cell potassium ion, the active rise of nicotinic acetylcholine receptor and existence of acetylcholin esterase (AChE), gamma-aminobutyric acid(GABA) and tyrosine hydroxylase. Undifferentiated PC12 cell deal with glucocorticoid like DXM can induce differentiate into characteristic of strong response to calcium ion, and up-regulation synthetize and store of catecholamine enzyme, especially DA, increase activity of tyrosine hydroxylase and reduce activity of choline acetyltransferase [21] .
The Use of Undifferentiated PC12 Cell
Several of growth factor, neurotrophin, and hormone promote biological effect of differentiation, proliferation, and survival of undifferentiated PC12 cell, is primary cell model of studying nerve cell differentiation in vitro [19] . As one of the neurotrophin, nerve growth factor found at the earliest, and the most thorough. Nerve growth factor is a nerve cell growth regulatory factor, and it is a nerve cell grow regulatory factor has double biology function feature of nutrition and promote outgrowth grow, it has significant regulating effect to growth, differentiation, regeneration, and express of functional performance of central and peripheral neuron. Nerve growth factor can induce nerve fiber orientated growth in puberty, stimulate the growth of soma and dendritic, increase the density of dominated area nerve fibers, promote differentiation and growth of neuron, increase sensory nerve and sympathetic ganglion, increase in volume, extend the fiber; the level and distribution of NGF and NGF receptor are obvious reduced, the dependence of main effect of nerve to NGF is also significantly lower, only part of the sympathetic neurons still need to rely on NGF survival. It is best to use undifferentiated cells when use NGF induce PC12 cell. After induced by NGF PC12 cells grew, and sensitivity to neurotransmitter and electricity [22] . Some research indicate PC12 induced by NGF 4~14d, cell volume increases, neurite grow, form net, A few weeks later, neurite is 500~1000Lm [23] , and cells stopped proliferation. It can use for studying secretion and uptake of nutrients. PC12 cell induced by NGF has the characteristics of sympathetic neurons. For example, NGF induced PC12 cell enhances the acetylcholine synthesizing capacity and thus increase the activity of acetylcholine [24] . Nowadays, most of the research of points out that NGF induces PC12 cell differentiation resulting neuron belonging to the differentiated cells, there is no division ability, and induced PC12 cell differentiation is reversible, therefore PC12 cell as neuron must first by induction, the induced cells cannot use for research after many times passages [25, 26] . But there are reports of differences, in 2005, LU Shuang-Hong et al. first observed PC12 cells still retain the ability to differentiation after induced, and found after induced by NGF, there is DNA in cells, except soma fission, the neurite outside soma can also one divides into two [27] . In addition, there is distribution of a wide range of delayed rectifier potassium channel in undifferentiated PC12 cell, only a few cells expression of transient outward potassium channel [28] . But there is research indicated undifferentiated PC12 cell as cell model need inducer, and it's cumbersome, So according to the experimental characteristics to choose the appropriate degree of differentiation cells as experimental model [29] .
Compare Undifferentiated PC12 Cells and Cortical Neurons
The differences between two kinds of cells, there are several ways: first, cortical neurons have multiple neurites is an important structure of the neurons that transmit information, and undifferentiating PC12 cell have no neurites, so they have big difference on morphology. Second, they have difference on sensitivity to neurotransmitter, cortical neurons secrete lots of neurotransmitters, and undifferentiated PC12 cell respond to the neurotransmitter is weak. Third, they have big difference on electrochemical capacity, nerve cell electrochemical capacity more obvious, and transmembrane transport though membrane potential, there are a lot of sodium and potassium ion channels on the membrane, but undifferentiated PC12 cell only distribution of delayed rectifier potassium channel; Fourth, mature nerve cells are not proliferating, but undifferentiated PC12 cell can survival after passage.
High Differentiated PC12 Cell
The Characteristic of High Differentiated PC12 Cell
High differentiation of PC12 cells contains a lot of dopamine receptor and various enzymes required for the decomposition and synthesis of dopamine, similar to the cortical neurons. It's neuronal precursor cells line with differentiation potential and sympathetic neurons characteristics. PC12 cells mainly directly to the cell bank to buy. Cell Bank, Chinese Academy of Sciences described as a polygon. Direct purchase of high differentiation of PC12 cell morphology is fusiform mainly, there are neurites, and the cells proliferated quickly, high degree of purification, short culture period, and convenient use and are easy to control. High differentiated PC12 cell can't synthesize epinephrine [30] .
The Use of High Differentiated PC12 Cell
PC12 cell not only morphology, but also many aspects such as physiology and biochemistry are similar to bovine chromaffin cells under usual cultivate condition. High differentiated PC12 cell in physiology and physiology are more similar to dopaminergic neurons of midbrain, it can synthesis, storage and release moderate catecholamine, norepinephrine and so on. High differentiated PC12 cell usually as dopamine cell model abroad, an ideal cell model to study a variety of poison effect on dopamine neurons in vitro [31] . Now are more used for mechanism and cell protective effect research of diseases of nervous system such as Parkinson syndrome, senile dementia, Alzheimer's disease, ischemic cerebrovascular disease and amyotrophic lateral sclerosis, is one of the cell model study physiology, pathology and pharmacology of nerve cell differentiation [6, 32] . For example, the mechanism of Parkinson syndrome is concerned with dihydroxyphenylalanine reduce of striatum. At present the more accepted theory for the dopamine theory and Oxidative stress theory [33] . In the experiment, commonly used rotenone damage cells, simulate relevant pathological process of Parkinson's disease to studying relevant mechanism and nerve protective effect [34] . Thus, further illustrate undifferentiated PC12 cells due to low levels of dopamine, so it is not suitable for study on neural cells.
Low Differentiated PC12 Cell
Low differentiated PC12 cells are polygonal, loose and adherent, pluricellular aggregation, and cell cannot synthetic adrenaline. There are also the literature with low differentiated PC12 cells do nerve cells differentiation related research, Low differentiated PC12 cells in the classical pathway of Ras /Raf/ MEK / ERK, NGF can stimulate PC12 cells to differentiate into neurons which have effect of sympathetic nerve cells [16, 35] . Low differentiated PC12 cells can grow without special inducer, such as the use of nerve growth factor induce PC12 cells into neuron-like cell. However, in the process of passage the differentiation degree increase gradually, gradually appear neuron-like cells, is advantageous to studying neurites growth. For example, Li Li-hua use low differentiated PC12 cell as object of Parkinson syndrome's model [29] , and Kong Song-zhi use for studying Alzheimer's disease [36] .
Low differentiated PC12 cell commonly used for cell model of simulating neurons apoptosis [8] .
CONCLUSION
PC12 cells are used to all kinds of nerve tests, but it is not sensitive to ROCK, and PC12Adh is sensitive to ROCK, thus, PC12Adh is better to ROCK test than PC12 cells. At the same time, ROCK inhibitor just induces the long protrusions of PC12Adh cells, and has not any effect to PC12 cells. Undifferentiated PC12 cells are weak to the neurotransmitter reaction of sympathetic nerve, after induction differentiation, the sensitivity of PC12 cells to acetylcholine higher than before. PC12 cells that induced by NGF is more similar to cerebral cortical neurons, there are many potassium channels on the surface membranes of PC12 cells and the potassium channels have electrical excitability. Undifferentiated PC12cells just have a small amount of transient outward potassium current. The induced cells have stopped differentiating so as to they are similar to nerve cell so only induced PC12cells could replace nerve cell. There are many fairly similarities between high differentiation PC12 cells and the midbrain dopamine neurons on shape, physiology and biochemical function and so on. They are excitable, they can secretion Catecholamine neurotransmitter that include dopamine, norepinephrine. Therefore, PC12cells become ideal cell model to study multiple poison which act on dopaminergic neuron. The low differentiated PC12 cells do not need induce a lot specially, such as the use of nerve growth factor induce PC12 cells into neuron-like cell. This because in the process of passage, the differentiation degree increase gradually, with gradual development of neuron-like cells which give advantageous to studying neurite.
When applying all kinds of PC12 cells, attention should be paid to that the number of passage is limited. After many times passages, the cells biological characteristics may be changed. Thus, recovering new cells is necessary in order to ensure the cell line quality. Special attention should be paid to observation the cell morphology when using undifferentiated and low differentiated PC12 cells. Any changes in morphology indicate the initiation of differentiation process.
